
US008274656B2 

(12) United States Patent (10) Patent N0.2 US 8,274,656 B2 
Roth et a]. (45) Date of Patent: Sep. 25, 2012 

(54) APPARATUS, SYSTEM, AND METHOD FOR 6,649,414 B1 ll/2003 Chandler et a1. .............. .. 436/63 
INCREASING MEASUREMENT ACCURACY 6,939,720 B2 9/2005 Chandler et a1. 436/518 

7,643,143 B2 1/2010 Fujii et al. .... .. 356/336 
IN A PARTICLE IMAGING DEVICE 7,684,606 B2 3/2010 Aoki ......... .. 382/133 

_ 7,738,094 B2 6/2010 Goldberg .................... .. 356/246 
(75) Inventors: Wayne Dennis Roth, Leander, TX (US); C . d 

Matthew s. Fisher, Austin, TX (US) ( Ommue ) 

(73) Assignee: Luminex Corporation, Austin, TX (US) FOREIGN PATENT DOCUMENTS 
JP 62-194448 8/1987 

( * ) Notice: Subject to any disclaimer, the term of this (Continued) 
patent is extended or adjusted under 35 
USC 154(b) by 293 days. OTHER PUBLICATIONS 

(21) APPL No; 12/827,800 U.S.Appl. No. 12/827,837, entitled“Apparatus, System, and Method 
for Increasing Measurement Accuracy in a Particle Imaging Device 

(22) Filed; Jun_ 30, 2010 Using Light Distribution,” by Wayne Dennis Roth and Matthew 
Fisher, ?led Jun. 30, 2010. 

(65) Prior Publication Data (Continued) 

US 2012/0002194 A1 Jan. 5,2012 
Primary Examiner * Hoa Pham 

(51) Int. Cl. 74 Allorn ,A @112, orFirm * Fulbri ht&JaWorskiL.L.P. 6)’ g g 
G01N 21/53 (2006.01) 

(52) US. Cl. ...... .. 356/337; 356/73; 356/341; 356/237.3 (57) ABSTRACT 

(58) Field of Classi?cation Search ........ .. 356/335i343, An apparatus, System, and method for increasing measure 

_ _ 356/237~_1*237-5s 73 ment accuracy in imaging cytometry. The system may include 
See aPPhCaUOn ?le for Complete Search hlstory- a light detector con?gured to measure light emitted by a ?rst 

_ particle and light emitted by a second particle, Where the 
(56) References Clted measured light from the second particle at least partially 

U.S. PATENT DOCUMENTS 
overlaps the measured light from the ?rst particle in an over 
lap region. Additionally, the system may include a processor 

4,766,324 A * 55/1988 Sa?dat et a1~ ~~~~~~~~~~~ ~~ 250/55941 coupled to the light detector, Where the processor is con?g 

2’% 2 * 5322311 ‘5'1 ' ' ' ' ' ' ' ' ' ' ' ' ' ured to determine a contribution of light from the ?rst particle 

5’736’330 A 4/ 1998 Fulton ““““ 435/6 in the overlap region and determine a contribution of light 
5,831,723 A * 11/1998 Kubota er a1, 356/73 from the second particle in the overlap region. The processor 
5,981,180 A 11/1999 Chandler et al. . .... .. 435/6 may also be con?gured to subtract the contribution of light 
6,057,107 A 5/2000 Fulton ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~~ 435/6 from the second particle from the contribution of light from 

Z: ' " the ?rst particle and determine the intensity of light emitted 

6,514,295 B1 2/2003 Chandler et a1. . . . . . . . . . .. 8/607 by the ?rst P21111019 

6,524,793 B1 2/2003 Chandler et a1. . .... .. 435/6 

6,528,165 B2 3/2003 Chandler ....... .. .. 428/4022 20 Claims, 14 Drawing Sheets 

100 llL 

\ 108 

l I 106 
1 04 

W14 J15 
1 10 1 16 11, 2 

k); 0 O 0 000 O 

1020 



US 8,274,656 B2 
Page 2 

US. PATENT DOCUMENTS JP 2011-021948 2/2011 

2004/0201841 A1* 10/2004 Kim et a1. ................ .. 356/237.3 
2007/0064990 A1 3/2007 Roth ......... .. 382/128 OTHER PUBLICATIONS 

2008/0252592 A1* 10/2008 Duine et a1. . 345/107 . . . . . . 

2009/0153857 A1 * 6/2009 Matsuda ‘ 356/339 International Search Report and Written Opinion, IISSUGCl 1n Interna 
2012/0002040 A1 1/2012 Roth et a1‘ “““““““““““ “ 348/135 tional Application No. PCT/US20ll/042333, mailed on Feb. 29, 

2012. 
FOREIGN PATENT DOCUMENTS International Search Report and Written Opinion, issued in Interna 

JP 2009-147122 6/1997 tional Application No. PCT/US20ll/0423l7, mailed on Feb. 29, 
JP 2005-127790 5/2005 2012, 
JP 2006-153709 6/2006 
JP 2006-194788 7/2006 * cited by examiner 



US. Patent Sep. 25, 2012 Sheet 1 0f 14 US 8,274,656 B2 

109 m 

\ 10g 
106 

104 

x14 £15 
116 112 

110 , 

O O 0 (XX) 0 

102w 

FIG. 1 



US. Patent Sep. 25, 2012 Sheet 2 0f 14 US 8,274,656 B2 

FIG. 2B 



US. Patent Sep. 25, 2012 Sheet 3 0f 14 US 8,274,656 B2 

300 

308 

302 306 304 

310 

FIG. 3 



US. Patent Sep. 25, 2012 Sheet 4 0f 14 US 8,274,656 B2 

FIG. 4A 

FIG. 4B 



US. Patent Sep. 25, 2012 Sheet 5 0f 14 US 8,274,656 B2 

FIG. 5A 

FIG. 5B 



U S. Patent Sep. 25, 2012 Sheet 6 6f 14 US 8,274,656 B2 

FIG. 6A 

602 

FIG. 6B 



US. Patent Sep. 25, 2012 Sheet 7 0f 14 US 8,274,656 B2 

1.6 

1.4 

1.2 

0.8 

0.6 

0.4 

0.2 

0 \ \ \ \ \ \ \ 

1234%78910111213141516 
704 FIG. 7 



US. Patent Sep. 25, 2012 Sheet 8 0f 14 US 8,274,656 B2 

800 

SOKA 
Measure light emitted by a first particle 

804 i 

Measure light emitted by a second particle 

80 i 
Determine the contribution from each particle 

80 l 
Subtract the contribution of light of the second 

particle from the measurement of the first 
particle 

FIG. 8 



US. Patent Sep. 25, 2012 Sheet 9 0f 14 US 8,274,656 B2 

900 l Start l 

\ QOKA v 
Create a first image by measuring light from a 

particle in response to a first light source 

904 
V 

Create a second image by interpolating the 
first image 

90 
V 

Determine the center of the particle 

90 ‘7 

Determine an expected distribution of the 
particle 

91a 
91 I Does the particle Discard 

distribution correspond to measurement 
the expected distribution? 

91 

Create a third image by measuring light from a 
particle in response to a second light source 

914 
V 

Determine the center of the particle in the third 
image 

Determine offset between the second image 
and the third image and align the images 

Em‘ FIG. 9 



US. Patent Sep. 25, 2012 Sheet 10 0f 14 US 8,274,656 B2 

Measure light using a CCD 

1004 l 
Discard pixels that are Within a predetermined 

radius of measured centers of particles 

1006 l 
Assign the pixel intensity in the 25th percentile 

to a background measurement 

1008 l 
Subtract the background measurement from 

the measured image 

FIG. 10 











US 8,274,656 B2 
1 

APPARATUS, SYSTEM, AND METHOD FOR 
INCREASING MEASUREMENT ACCURACY 

IN A PARTICLE IMAGING DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to methods and systems for image 

data processing. Some embodiments relate to methods and 
systems for performing one or more steps for processing 
images of particles. 

2. Description of the Related Art 
Imaging using detectors such as charged coupled device 

(CCD) detectors is used in biotechnology applications. In 
some applications, the CCDs are con?gured to measure ?uo 
rescent light emitted by particles in response to a light source. 
Particles may have different intensities of ?uorescence 
depending on hoW much of a particular ?uorescent substance 
is present. The amount of ?uorescent substance may be 
indicative of several conditions. For example, the amount of 
?uorescence may indicate the presence or absence of a sub 
stance, or the absorption of a particular substance by a par 
ticle. 

SUMMARY OF THE INVENTION 

A method for increasing the measurement accuracy in a 
particle imaging device is presented. In one embodiment, the 
method may include measuring light emitted by a ?rst par 
ticle and measuring light emitted by a second particle, Where 
the measured light from the second particle at least partially 
overlaps the measured light from the ?rst particle in an over 
lap region. In some embodiments, the method may include 
determining a contribution of light from the ?rst particle in 
the overlap region and determining a contribution of light 
from the second particle in the overlap region. Additionally, 
the method may include subtracting the contribution of light 
from the second particle from the contribution of light from 
the ?rst particle, and determining the intensity of li ght emitted 
by the ?rst particle. 

In some embodiments, measuring light emitted by the ?rst 
particle and the secondparticle may be performed using a tWo 
dimensional CCD detector. In some embodiments, the light 
detector may be a CMOS detector or a quantum dot detector. 
Also, in some embodiments, determining the contribution of 
light from the second particle in the overlap region may 
include calculating a Gaussian distribution of light from the 
second particle. In some embodiments, at least a portion of 
the measured light from the second particle is re?ected off of 
the ?rst particle. Determining the contribution of light from 
the second particle in the overlap region may include calcu 
lating the light from the second particle that is re?ected off the 
?rst particle. In addition, determining the contribution of light 
from the second particle may include measuring a distance 
betWeen the ?rst particle and the second particle. Determin 
ing the amount of measured light from the second particle 
may include measuring an intensity of the second particle. In 
some embodiments, the method may include discarding the 
measurement of the ?rst particle. 
A method for increasing the measurement accuracy in a 

particle measurement device is also presented. In some 
embodiments, the method includes measuring light emitted 
by a ?rst particle and measuring light emitted by a second 
particle, Where at least a portion of light emitted by the second 
particle is re?ected off of the ?rst particle. The method may 
also include determining a contribution of light from the 
second particle that re?ected off of the ?rst particle, and/or 
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2 
discarding the measurement of the ?rst particle. In some 
embodiments, the measurement of the ?rst particle may be 
discarded if the contribution of light from the second particle 
that re?ected off of the ?rst particle is above a predetermined 
value. In some embodiments, determining the contribution of 
light from the second particle that has re?ected off of the ?rst 
particle includes measuring a distance betWeen the ?rst par 
ticle and the second particle. Additionally, the method may 
include determining the relative intensity betWeen the tWo 
particles. 
A tangible computer-readable medium comprising com 

puter readable code, that When executed by a computer, 
causes the computer to perform operations is also presented. 
In some embodiments, the operations may include measuring 
light emitted by a ?rst particle and measuring light emitted by 
a second particle, Where the measured light from the second 
particle at least partially overlaps the measured light from the 
?rst particle in an overlap region. Also, the operations may 
include determining a contribution of light from the ?rst 
particle in the overlap region and/ or determining a contribu 
tion of light from the second particle in the overlap region. In 
some embodiments, the operations may include subtracting 
the contribution of light from the second particle from the 
contribution of light from the ?rst particle and determining 
the intensity of light emitted by the ?rst particle. 

In some embodiments, the operations of measuring light 
emitted by the ?rst particle and the second particle may be 
performed using a CCD detector, CMOS detector, and/or a 
quantum dot detector. Also, the operations may include deter 
mining the contribution of light from the second particle in 
the overlap region, Which may include calculating a Gaussian 
distribution of light from the second particle. 

In some embodiments, at least a portion of the measured 
light from the second particle is re?ected off the ?rst particle. 
In some embodiments, the operation of determining the con 
tribution of light from the second particle in the overlap 
region may include calculating the light from the second 
particle that is re?ected off the ?rst particle. The operations of 
determining the contribution of light from the second particle 
may include measuring a distance betWeen the ?rst particle 
and the second particle. In some embodiments, the operations 
of determining the amount of measured light from the second 
particle further may include measuring an intensity of the 
second particle. In some embodiments, the operations may 
include discarding the measurement of the ?rst particle. 
An optical analysis system is also presented. In some 

embodiments, the system may include a light detector con 
?gured to measure light emitted by a ?rst particle and light 
emitted by a second particle, Where the measured light from 
the second particle at least partially overlaps the measured 
light from the ?rst particle in an overlap region. Additionally, 
the system may include a processor coupled to the light detec 
tor, Where the processor is con?gured to determine a contri 
bution of light from the ?rst particle in the overlap region and 
determine a contribution of light from the second particle in 
the overlap region. The processor may also be con?gured to 
subtract the contribution of light from the second particle 
from the contribution of light from the ?rst particle and deter 
mine the intensity of light emitted by the ?rst particle. 

In some embodiments, the light detector may be a CCD 
detector, CMOS detector, and/or a quantum dot detector. 
Also, the processor may be con?gured to calculate a Gaussian 
distribution of light from the second particle to determine the 
contribution of light from the second particle in the overlap 
region. Additionally, the processor may be con?gured to cal 
culate the light from the second particle that is re?ected off 
the ?rst particle and may determine the contribution of light 
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from the second particle in the overlap region. In some 
embodiments, the processor may be further con?gured to 
measure a distance betWeen the ?rst particle and the second 
particle to determine the contribution of light from the second 
particle. Also, the processor may be con?gured to measure an 
intensity of the second particle to determine the amount of 
measured light from the second particle. In some embodi 
ments, the processor may be con?gured to discard the mea 
surement of the ?rst particle. 
A method for increasing the measurement accuracy in a 

particle imaging device is also presented. In some embodi 
ments, the method may include illuminating a particle using 
a ?rst light source and creating a ?rst image by taking a ?rst 
measurement of light emitted from the particle in response to 
the ?rst light source using a light detector. The method may 
also include creating a second image by interpolating the ?rst 
image, Where the second image has higher resolution than the 
?rst image. Additionally, the method may include determin 
ing the center of the particle in the second image. 

In some embodiments the method may include determin 
ing the intensity of the particle by integrating the second 
image. Additionally, the method may include creating an 
analytical representation of the ?rst measurement of light and 
determining the intensity of the particle by integrating the 
analytical representation. In some embodiments, the method 
may include determining a difference betWeen pixels of the 
second image and an expected distribution, and discarding 
the ?rst measurement of light if the difference is above a 
predetermined threshold. 

In some embodiments, the expected distribution may be a 
Gaussian distribution. The method may also include illumi 
nating the particle With a second light source, and creating a 
third image by taking a second measurement of light emitted 
by the particle in response to the second light source using the 
light detector. Additionally, the method may include deter 
mining the center of the particle in the third image and deter 
mining a difference in location betWeen the center of the 
particle in the second image and the center of the particle in 
the third image. In some embodiments, the method may 
include calculating an offset betWeen the second image and 
the third image in response to the difference. 

In some embodiments, the method may include aligning 
the ?rst image and the third image. Also, the method may 
include using a plurality of particles to calculate the offset 
betWeen the second image and the third image. 
A tangible computer readable medium comprising com 

puter readable code, that When executed by a computer, 
causes the computer to perform operations is also presented. 
In some embodiments, the operations may include illuminat 
ing a particle using a ?rst light source and creating a ?rst 
image by taking a ?rst measurement of light emitted from the 
particle in response to the ?rst light source using a light 
detector. Additionally, the operations may include creating a 
second image by interpolating the ?rst image, Where the 
second image has higher resolution than the ?rst image, and 
determining the center of the particle in the second image. 

In some embodiments, the operations may include deter 
mining the intensity of the particle by integrating the second 
image. The operations may also include creating an analytical 
representation of the ?rst measurement of light and determin 
ing the intensity of the particle by integrating the analytical 
representation. Also, the operations may include determining 
a difference betWeen pixels of the second image and an 
expected distribution, and discarding the ?rst measurement of 
light if the difference is above a predetermined threshold. 

In some embodiments, the expected distribution is a Gaus 
sian distribution. Also, the operations may include illuminat 
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4 
ing the particle With a second light source, creating a third 
image by taking a second measurement of light emitted by the 
particle in response to the second light source using the light 
detector, and/or determining the center of the particle in the 
third image. In some embodiments the operations may 
include determining a difference in location betWeen the cen 
ter of the particle in the second image and the center of the 
particle in the third image and/ or calculating an offset 
betWeen the second image and the third image in response to 
the difference. In some embodiments, the operations may 
include aligning the ?rst image and the third image. Also, the 
operations may include using a plurality of particles to cal 
culate the offset betWeen the second image and the third 
image. 
An optical analysis system is also presented. In some 

embodiments, the system may include a light detector con 
?gured to measure light emitted by a particle in response to a 
?rst light source, and processor coupled to the light detector. 
The processor may be con?gured create a ?rst image by 
taking a ?rst measurement of light and create a second image 
by interpolating the ?rst image, Where the second image has 
higher resolution than the ?rst image. The processor may also 
be con?gured to determine the center of the particle in the 
second image. 

In some embodiments, the processor may be con?gured to 
determine the intensity of the particle by integrating the sec 
ond image. Additionally, the processor may be con?gured to 
create an analytical representation of the ?rst measurement of 
light and determine the intensity of the particle by integrating 
the analytical representation. In some embodiments, the pro 
ces sor is further con?gured to determine a difference betWeen 
pixels of the second image and an expected distribution and 
discard the ?rst measurement of light if the difference is 
above a predetermined threshold. In some embodiments, the 
expected distribution is a Gaussian distribution. 

In some embodiments, the processor may be further con 
?gured to illuminate the particle With a second light source 
and/or create a third image by taking a second measurement 
of light emitted by the particle in response to the second light 
source using the light detector. Additionally, the processor 
may be con?gured to determine the center of the particle in 
the third image, determine a difference in location betWeen 
the center of the particle in the second image and the center of 
the particle in the third image, and/ or calculate an offset 
betWeen the second image and the third image in response to 
the difference. 

In some embodiments, the processor may be further con 
?gured to align the ?rst image and the third image. Addition 
ally, the processor may be further con?gured to use a plurality 
of particles to calculate the offset betWeen the second image 
and the third image. In some embodiments, the processor may 
be con?gured to calculate the offset betWeen the ?rst image 
and the third image. 
The term “coupled” is de?ned as connected, although not 

necessarily directly, and not necessarily mechanically. 
The terms “a” and “an” are de?ned as one or more unless 

this disclosure explicitly requires otherWise. 
The term “substantially” and its variations are de?ned as 

being largely but not necessarily Wholly What is speci?ed as 
understood by one of ordinary skill in the art, and in one 
non-limiting embodiment “substantially” refers to ranges 
Within 10%, preferably Within 5%, more preferably Within 
1%, and most preferably Within 0.5% of What is speci?ed. 
The terms “comprise” (and any form of comprise, such as 

“comprises” and “comprising”), “have” (and any form of 
have, such as “has” and “having”), “include” (and any form of 
include, such as “includes” and “including”) and “contain” 
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(and any form of contain, such as “contains” and “contain 
ing”) are open-ended linking verbs. As a result, a method or 
device that “comprises,” “has,” “includes” or “contains” one 
or more steps or elements possesses those one or more steps 

or elements, but is not limited to possessing only those one or 
more elements. Likewise, a step of a method or an element of 
a device that “comprises,” “has,” “includes” or “contains” one 
or more features possesses those one or more features, but is 
not limited to possessing only those one or more features. 
Furthermore, a device or structure that is con?gured in a 
certain Way is con?gured in at least that Way, but may also be 
con?gured in Ways that are not listed. 

Other features and associated advantages Will become 
apparent With reference to the folloWing detailed description 
of speci?c embodiments in connection With the accompany 
ing draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The folloWing draWings form part of the present speci?ca 
tion and are included to further demonstrate certain aspects of 
the present invention. The invention may be better understood 
by reference to one or more of these draWings in combination 
With the detailed description of speci?c embodiments pre 
sented herein. 

FIG. 1 is a schematic block diagram illustrating one 
embodiment of a system for imaging cytometry. 

FIGS. 2A-2B are a graphs shoWing the light distribution of 
tWo nearby particles. 

FIG. 3 is a measurement of particles taken With a CCD 
detector. 

FIG. 4A is a measurement of a particle taken With a CCD 
detector. 

FIG. 4B is a three-dimensional graphical representation of 
the measurement shoWn in FIG. 4A. 

FIG. 5A is an interpolated image of the particle shoWn in 
FIG. 4A. 

FIG. 5B is a three-dimensional graphical representation of 
the particle shoWn in FIG. 5A. 

FIG. 6A is a measurement of several particles, Where some 
particles are close together. 

FIG. 6B is a three-dimensional graphical representation of 
an interpolated image based on the measured particles in FIG. 
6A. 

FIG. 7 is a graph shoWing the light distribution of tWo 
nearby particles. 

FIG. 8 is a ?oW chart diagram representing a method for 
subtracting the contribution of light of one particle from 
another. 

FIG. 9 is a ?oW chart diagram representing a method for 
improving the accuracy of a image cytometry measurement. 

FIG. 10 is a ?oW chart diagram representing a method for 
determining the intensity of a background signal in a cytom 
etry image. 

FIG. 11A is a matrix representative of an output of a CCD 
detector. 

FIGS. 11B-11D are matrices shoWing steps used in data 
manipulation. 

DETAILED DESCRIPTION 

Various features and advantageous details are explained 
more fully With reference to the nonlimiting embodiments 
that are illustrated in the accompanying draWings and detailed 
in the folloWing description. Descriptions of Well knoWn 
starting materials, processing techniques, components, and 
equipment are omitted so as not to unnecessarily obscure the 
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6 
invention in detail. It should be understood, hoWever, that the 
detailed description and the speci?c examples, While indicat 
ing embodiments of the invention, are given by Way of illus 
tration only, and not by Way of limitation. Various substitu 
tions, modi?cations, additions, and/or rearrangements Within 
the spirit and/or scope of the underlying inventive concept 
Will become apparent to those skilled in the art from this 
disclosure. 

Although embodiments are described herein With respect 
to particles, it is to be understood that the systems and meth 
ods described herein may also be used With microspheres, 
polystyrene beads, microparticles, gold nanoparticles, quan 
tum dots, nanodots, nanoparticles, nanoshells, beads, micro 
beads, latex particles, latex beads, ?uorescent beads, ?uores 
cent particles, colored particles, colored beads, tissue, cells, 
micro-organisms, organic matter, non-organic matter, or any 
other discrete substances knoWn in the art. The particles may 
serve as vehicles for molecular reactions. Examples of appro 
priate particles are illustrated and described in US. Pat. No. 
5,736,330 to Fulton, US. Pat. No. 5,981,180 to Chandler et 
al., US. Pat. No. 6,057,107 to Fulton, US. Pat. No. 6,268,222 
to Chandler et al., US. Pat. No. 6,449,562 to Chandler et al., 
US. Pat. No. 6,514,295 to Chandler et al., US. Pat. No. 
6,524,793 to Chandler et al., and US. Pat. No. 6,528,165 to 
Chandler, Which are incorporated by reference as if fully set 
forth herein. The systems and methods described herein may 
be used With any of the particles described in these patents. In 
addition, particles for use in method and system embodiments 
described herein may be obtained from manufacturers such as 
Luminex Corporation of Austin, Tex. The terms “particles”, 
“beads”, and “microspheres” are used interchangeably 
herein. 

In addition, the types of particles that are compatible With 
the systems and methods described herein include particles 
With ?uorescent materials attached to, or associated With, the 
surface of the particles. These types of particles, in Which 
?uorescent dyes or ?uorescent particles are coupled directly 
to the surface of the particles in order to provide the classi? 
cation ?uorescence (i .e., ?uorescence emission measured and 
used for determining an identity of a particle or the subset to 
Which a particle belongs), are illustrated and described in US. 
Pat. No. 6,268,222 to Chandler et al. and US. Pat. No. 6,649, 
414 to Chandler et al., Which are incorporated by reference as 
if fully set forth herein. The types of particles that can be used 
in the methods and systems described herein also include 
particles having one or more ?uorochromes or ?uorescent 
dyes incorporated into the core of the particles. 

Particles that can be used in the methods and systems 
described herein further include particles that in of them 
selves Will exhibit one or more ?uorescent signals upon expo 
sure to one or more appropriate light sources. Furthermore, 
particles may be manufactured such that upon excitation the 
particles exhibit multiple ?uorescent signals, each of Which 
may be used separately or in combination to determine an 
identity of the particles. As described beloW, image data pro 
cessing may include classi?cation of the particles, particu 
larly for a multi-analyte ?uid, as Well as a determination of the 
amount of analyte bound to the particles. Since a reporter 
signal, Which represents the amount of analyte bound to the 
particle, is typically unknoWn during operations, specially 
dyed particles, Which not only emit ?uorescence in the clas 
si?cation Wavelength(s) or Wavelength band(s) but also in the 
reporter Wavelength or Wavelength band, may be used for the 
processes described herein. 
The methods described herein generally include analyZing 

one or more images of particles and processing data measured 
from the images to determine one or more characteristics of 
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the particles, such as but not limited to numerical values 
representing the magnitude of ?uorescence emission of the 
particles at multiple detection Wavelengths. Subsequent pro 
cessing of the one or more characteristics of the particles, 
such as using one or more of the numerical values to deter 

mine a token ID representing the multiplex subset to Which 
the particles belong and/ or a reporter value representing a 
presence and/or a quantity of analyte bound to the surface of 
the particles, can be performed according to the methods 
described in Us. Pat. No. 5,736,330 to Fulton, U.S. Pat. No. 
5,981,180 to Chandleret al., U.S. Pat. No. 6,449,562 to Chan 
dler et al., U.S. Pat. No. 6,524,793 to Chandler et al., U.S. Pat. 
No. 6,592,822 to Chandler, U.S. Pat. No. 6,939,720 to Chan 
dler et al., U.S. Patent Publication 2007/0064990, Which are 
incorporated by reference as if fully set forth herein. In one 
example, techniques described in Us. Pat. No. 5,981,180 to 
Chandler et al. may be used With the ?uorescent measure 
ments described herein in a multiplexing scheme in Which the 
particles are classi?ed into subsets for analysis of multiple 
analytes in a single sample. In one embodiment, the methods 
described herein can be used in a MagPix molecular diagnos 
tics instrument. MagPix is a ?uorescence microscope With 
automated image processing softWare that measures ?uores 
cent intensity of thousands of randomly distributed magnetic 
beads. 

Turning noW to the ?gures, FIG. 1 illustrates a system 100 
for imaging cytometry. It should be noted that FIG. 1 is noW 
draWn to scale and some elements of the system are not shoWn 
so as to not obscure the system in detail. 
The system has a imaging chamber 102 that may have one 

or more particles 110.As seen in FIG. 1, the particles 110 may 
not be evenly distributed along the imaging chamber 102, and 
may result in some particles being close together, such as the 
group of particles 112. In some embodiments the particles 
Will be randomly distributed. Therefore, the more particles 
present on the imaging chamber 102, the higher the probabil 
ity that tWo particles Will be close together. FIG. 1 also shoWs 
a ?rst light source 104 and a second light source 106, Where 
the light sources are con?gured to illuminate particles 110 on 
the imaging chamber 116. In some embodiments, these light 
sources may be light emitting diodes (LEDs). The ?rst light 
source 104 may have a different color (or Wavelength of 
emitted light) than the second light source 106. Light ray 114 
represents light emitted by the ?rst light source 104. The light 
ray 114 may then illuminate the particles 110, Which may 
?uoresce. The ?uorescent light created by the particles 110 
may then emit toWard the light detector 108. Light ray 116 in 
FIG. 1 represents the ?uorescent light emitted by a particle 
110. 
The light detector 108 is con?gured to detect ?uorescent 

light emitted by the particles 110. The light detector may be a 
CCD detector, CMOS detector, quantum dot detector, or 
other detector. In some embodiments, it is bene?cial for the 
light detector 108 to have loW noise, and high resolution. The 
CCD detector may be a tWo dimensional array of pixels that 
creates a tWo dimensional image. For example, a CCD detec 
tor that may be used in this application is the Kodak KAI 
4021. 

In some cases, tWo or more particles may be close together. 
In such cases, the measured light in the light detector 108 may 
be close together and may even overlap. Therefore, in such a 
case Where tWo or more particles are close together, there may 
be a pixel that measures light from tWo different particles. In 
an effort to increase the measurement accuracy of the system, 
the overlap of the light from the tWo different particles may be 
subtracted to determine the light contribution from each par 
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8 
ticle. Alternatively, measurements of overlapping particles 
can be discarded after the overlap is detected. 
The light detector 108 is coupled to a processor 118. The 

processor is con?gured to take raW data from the CCD detec 
tor and process that data to obtain useful data about the 
particles 110. In some embodiments the processor may be a 
dedicated processor With necessary memory, data storage 
device, and input/ output device, or it may be a personal com 
puter that is programmed to perform the functions described 
herein. The data storage device used by the processor is a 
tangible storage medium such as a hard drive, an optical drive, 
or a ?ash memory device. The input/output device may be a 
monitor that outputs information to a user, or it may be a 
communication device, such as an Ethernet controller, that 
alloWs information gathered about the particles 110 to be sent 
to a remote location. Additionally, a printer may be used to 
output data into a tangible form. 

Turning to FIG. 2A, light emitted from tWo particles are 
shoWn in one dimension. There is a peak of light from particle 
202 and a peak of light from particle 204. In this example, the 
intensity of light from particle 202 is signi?cantly higher than 
the intensity of light from the particle 204. HoWever, the tWo 
particles overlap slightly and the light from the particle 202 
contributes to the light measured from the particle 204. In 
some embodiments, the light attributed to the particle 204 
may be subtracted from the light attributed to the particle 202. 
Therefore, the measurement for particle 202 may be closer to 
What the measurement of the particle Would have been if the 
particle 204 Were not present. One advantage of this method 
is that more particles may be measured accurately, thereby 
increasing the overall accuracy of the system. 

Turning to FIG. 2B, this graph also shows light emitted 
from tWo particles that are close together. HoWever, the inten 
sity of particle 206 is relatively similar to the intensity of light 
from the particle 208. As seen in this ?gure, there is signi? 
cantly more overlap betWeen these tWo particles, and deter 
mining the contribution of light from particle 208 to particle 
206 may be more dif?cult. In this situation, the tWo measure 
ments for the particles may be discarded. Alternatively, the 
distributions of the particles may be approximated using a 
standard Gaussian distribution based on the measured peaks 
and the slopes of the particles are least affected by the other 
particles. For example, the peak of particle 206 and/ or the left 
slope of particle 206 may be used to approximate the expected 
distribution of particle 206. That expected distribution can 
then be used to determine the intensity of light emitted by 
particle 206, rather than the measure light on both sides of the 
peak of particle 206 (Which includes light from particle 208). 
The same (although a mirror image) process may be used With 
particle 208 to determine the intensity of particle 208 Without 
the contribution of particle 206. By subtracting the contribu 
tion of the neighboring particle, more particles may be mea 
sured, thereby increasing the accuracy of the system. 

Turning to FIG. 3, a measurement of several particles using 
a CCD detector is shoWn. For example, there is a particle 302 
and a particle 304 that overlap in the overlap region 306. 
Using methods as described herein, particles 302 and 304 
may be able to be accurately measured even though the par 
ticles are close together. 

FIG. 3 also shoWs another situation Where one particle may 
contribute light to the pixels measuring light from another 
particle. Particles 308 and 310 are relatively bright particles, 
as seen from the White spots near their centers. BetWeen 
particles 308 and 310 is another particle 312, although par 
ticle 312 is much dimmer. One aspect of particle 312 is that 
the center is dimmer than the perimeter. Typically, if a particle 
is substantially round, the measured light Will be brightest in 
















